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SECTION ONE. 
INTRODUCTION 
G u l l s , amongst other s e a - b i r d s , have evolved a c o l o n i a l n e s t i n g 
h a b i t . Such dependence on t h i s s o c i a l system f o r breeding may be 
ex e m p l i f i e d by the f a c t t h a t s t i m u l a t i o n from neighbouring b i r d s i n 
the colony, as w e l l as that from the mate, i s r e q u i r e d to bring about 
the change i n hormonal balance of the female, inducing o v u l a t i o n . 
Hence ther e i s i n t e n s e competition i n the c o l o n i e s f o r n e s t i n g s i t e s 
w i t h i n the ce n t r e of the colony where, i t i s thought, the degree of 
s o c i a l s t i m u l a t i o n i s h i g h e s t and the breeding s u c c e s s correspondingly 
g r e a t e r (Coulson 1968 and 1971 i n the k i t t i w a k e , R i s s a t r i d a c t y l a L . ) . 
Coulson and White (1958) and Coulson (1968) show tha t p o s i t i o n 
i n the colony i s a l s o age dependent, such that the young mature b i r d s 
a r e u s u a l l y confined to the edges of the colony, while the o l d e r b i r d s 
o b t a i n n e s t i n g s i t e s i n the c e n t r e of the colony. Young b i r d s a r e 
only a b l e to a c q u i r e c e n t r a l n e s t i n g s i t e s by t a k i n g over those vacated 
by the death of o l d e r i n d i v i d u a l s . 
V a r i a t i o n i n breeding s u c c e s s may not only be a s p a t i a l phenomenon 
i n the colony, but may a l s o have temporal parameters (Parsons 1971). 
Parsons shows that h e r r i n g g u l l s ( L a r u s argentatus Pont.) n e s t i n g 
during the middle of the breeding season have a s i g n i f i c a n t l y g r e a t e r 
chance of producing o f f s p r i n g than those n e s t i n g a t the beginning or 
end of the season. T h i s he a t t r i b u t e s to the high i n c i d e n c e of 
can n i b a l i s m by, as y e t , non-breeding a d u l t s a t the beginning of the 
season and the reduced v i a b i l i t y of the s m a l l e r eggs l a i d a t the end 
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of the season. Such decrease i n egg s i z e as the breeding season 
p r o g r e s s e s has been shown to occur i n the k i t t i w a k e (Coulson 1963)» 
the gannet ( S u l a bassana L.) (Nelson 1966) and the shag (Phalacrocorax 
a r i s t o t e l i s L.) (Coulson et a l . 1969). 
Diminution of egg volume with season has been a t t r i b u t e d to the 
s e a s o n a l d i s t r i b u t i o n of age c l a s s e s of females, such th a t the o l d e r 
females, l a y i n g l a r g e r eggs, l a y at the beginning of the season and 
younger females l a y i n g s m a l l e r eggs a t the end of the season (Coulson 
and White 1958, M i l l s 1973 i n the r e d - b i l l e d g u l l , L a r u s novaehollandiae 
s c o p u l i n u s F o r s t e r ) . 
A p o s i t i v e c o r r e l a t i o n between egg s i z e (volume) and s u r v i v a l has 
been shown to occur i n the h e r r i n g g u l l (Parson 1971), the black-headed 
g u l l ( L a r u s ridibundus L.) and the l e s s e r black-backed g u l l ( L a r u s 
fuseus L.) ( M o l l a r t 1972) with r e f e r e n c e to the t h i r d egg of a c l u t c h , 
which i s c h a r a c t e r i s t i c a l l y s m a l l e r and having a d i f f e r e n t shape index 
than the f i r s t two eggs of a c l u t c h (Paludan 1951, H a r r i s 196^, Parsons 
1971 i n the L a r i d a e , Gemperle and Preston 1955 i n the common t e r n , 
S t e r n a hirundo L . ) . Such d i f f e r e n t i a l s u r v i v a l w ith r e s p e c t to egg 
s i z e has been demonstrated i n the h e r r i n g , Clupea harengus L. ( B l a x t e r 
and Hempel 1963) c o r r e l a t i n g the degree of s u c c e s s with the volume of 
y o l k i n the egg, and egg weight g i v i n g d i f f e r e n c e s i n favour of the 
h e a v i e s t eggs f or percentage f e r t i l i t y , percentage h a t c h a b i l i t y and 
feed conversion e f f i c i e n c y i n p u l l e t s ( T i n d e l l and Morris 196^). 
Such f i n d i n g s may a l s o be c o r r e l a t e d with those of Barth (1952) who 
showed t h a t the r a t e of l o s s of weight of eggs, an i n d i c a t i o n of the 
r a t e of y o l k metabolism, was g r e a t e s t i n the t h i r d egg of a c l u t c h i n 
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the L a r i d a e . A simple e x t e n s i o n of t h i s phenomenon would be to 
propose the hypo t h e s i s that s m a l l e r eggs l a i d towards the end of 
the season could account f o r the decreased c h i c k s u r v i v a l from 
such eggs as compared with those from the l a r g e r eggs of the mid-
season n e s t e r s . 
I t has been shown t h a t repeat c l u t c h e s a r e l a i d i n n e s t s from 
which a l l eggs have been removed, w i t h i n twelve hours of the l a s t 
egg being l a i d (Weidmann 1956 i n black-headed g u l l s ) . The repeat 
c l u t c h i s l a i d ten to twelve days l a t e r i n both h e r r i n g and l e s s e r 
black-backed g u l l s (Salomonsen 1939 and Paludan 1951)• Such repeat 
c l u t c h e s show a volume decrease i n each egg l a i d (Parsons 1971) and 
may be considered to be a r e s u l t of a s h i f t i n the season of n e s t i n g , 
which shows a b u i l d up to a maximum of breeding s u c c e s s i n the middle 
of t h a t delayed p e r i o d and a d e c l i n e towards the end. Such a s h i f t 
of the i n v e r t e d u-shaped ha t c h i n g curve along the date a x i s i s only 
apparent when the delay i s a p p l i e d to the group as a whole, thus 
supporting the argument f o r the requirement of s o c i a l s t i m u l a t i o n 
f o r s u c c e s s f u l breeding. 
The proposed study was to ev a l u a t e the breeding s u c c e s s of the 
h e r r i n g g u l l , l e s s e r black-backed g u l l and the common t e r n . T h i s was 
to be done by marking and fo l l o w i n g the fa t e of a number of c l u t c h e s 
at d i f f e r e n t times during the season and to determine the v a r i o u s 
parameters a f f e c t i n g t h e i r s u r v i v a l . 
F o l l o w i n g the t h e o r i e s of Parsons (1971) the study was aimed 
p r i m a r i l y to determine the v a r i a t i o n i n breeding s u c c e s s during the 
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n e s t i n g season. 
The common t e r n u s u a l l y n e s t s a t R o c k c l i f f e Marsh i n f a i r l y 
d i s c r e t e c o l o n i e s , mainly r e s t r i c t e d to the'old/new marsh' boundary 
i n the S a r k f o o t Point a r e a and a few p a i r s s c a t t e r e d i n the b l a c k -
headed g u l l colony i n the middle of the marsh. T h i s y e a r , however, 
the a r r i v a l of the b i r d s was much l a t e r than i n previous y e a r s , and 
although the numbers reached approximately seventy per cent of the 
p r e v i o u s y e a r ' s t o t a l , the n e s t s were widely d i s t r i b u t e d throughout 
the black-headed g u l l colony and s c a t t e r e d i n d i v i d u a l s around 
Sarkfoot P o i n t . No d i s t i n c t c o l o n i e s were formed and the p o s s i b i l i t y 
of any e f f i c i e n t s e a r c h f o r n e s t s and c h i c k s was n e g l i g i b l e . T h i s 
p a r t of the proposed study was, t h e r e f o r e , abandoned. 
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SECTION TWO. 
DESCRIPTION OF THE STUDY AREA 
2 . 1 . The Marsh 
R o c k c l i f f e Marsh l i e s a t the head of the Solway F i r t h about 
seven m i l e s north-west of C a r l i s l e and two m i l e s from R o c k c l i f f e 
V i l l a g e (Nat. G r i d Ref. NY325 6 3 5 ) . The marsh i s formed from s i l t 
d e p o s i t s from the r i v e r s Esk and Eden, f l a n k i n g the north and south 
edges of the marsh r e s p e c t i v e l y . 
The marsh i s owned by Castletown E s t a t e s and i s managed as a 
n a t u r e r e s e r v e by the Lake D i s t r i c t N a t u r a l i s t s ' T r u s t during the 
n e s t i n g season. 
The 800 h e c t a r e s ( 2 ,000 a c r e s ) of mature s a l t m a r s h grades, at 
the edges, i n t o l e s s mature ('new') marsh and e v e n t u a l l y to sand i n 
the r i v e r channels. S u r f a c e water d r a i n s from the marsh by means of 
channels which i n t e r s e c t the marsh a t numerous p o i n t s . The main 
v e g e t a t i o n of the marsh being fescue g r a s s , F e s t u c a r u b r a L. which 
i s grazed i n the w i n t e r by geese and i n the summer by c a t t l e ( 1 , 1 5 0 
head i n 1 9 7 3 ) . 
The h e r r i n g and l e s s e r black-backed g u l l colony i s s i t u a t e d on 
the Point of the marsh, approximately three kilometre's from the Esk 
boathouse (Greenbed), c o v e r i n g both mature and 'new' marsh to an a r e a 
of approximately 300 h e c t a r e s . About 1 ,700 p a i r s of l e s s e r b l a c k -
backed and h e r r i n g g u l l s i n the r a t i o of four to one r e s p e c t i v e l y 
breed here a t low d e n s i t y , with n e s t s being between f i v e to t h i r t y 
metres (mean f i f t e e n metres) a p a r t . T h i s a r e a i s r a r e l y grazed by 
c a t t l e and the v e g e t a t i o n of F e s t u c a rubra, Carex spp., Juncus spp. 
and scurvy g r a s s , C o c h l e a r i a o f f i c i n a l i s L. ( i n the g u l l i e s ) grows to 
a height of t h r e e hundred m i l l i m e t r e s on the mature marsh, whereas 
6 
the- v e g e t a t i o n of common s a l t - m a r s h g r a s s , P u c e i n e l l i a maritima 
(Huds.), t h r i f t , Armeria maritima ( M i l l . ) and s e a milkwort, Glaux 
maritima L. of the 'new' marsh i s g e n e r a l l y much s h o r t e r . 
The study a r e a was mainly confined to the colony on the mature 
marsh, s i n c e n e s t s on the 'new' marsh were flooded e a r l y i n the 
season by a wind-blown high t i d e , and twice more subsequently 
during the season. The a r e a was conveniently d i v i d e d i n t o twenty 
one s e c t i o n s by drainage channels, thus s e a r c h e s f o r n e s t s and 
c h i c k s were made by q u a r t e r i n g the a r e a s between channels. 
2 . 2 . The G u l l P o p ulation. 
The h e r r i n g and l e s s e r black-backed g u l l colony i s r e s t r i c t e d 
to the point of the marsh. T h i s l a r g e a r e a being occupied almost 
e n t i r e l y by g u l l s , with s k y l a r k and o y s t e r c a t c h e r n e s t s s p a r s e l y 
s c a t t e r e d through i t . T h i s l a c k of d i v e r s i t y of n e s t i n g s p e c i e s i s 
probably due to the predatory behaviour of the g u l l s , s i n c e the f l o r a 
and topography of the a r e a i s l i t t l e d i f f e r e n t from other a r e a s on 
the marsh supporting a l a r g e r d i v e r s i t y of n e s t i n g s p e c i e s . 
The d i s t r i b u t i o n of g u l l s i s non-homogeneous, both i n s p e c i e s 
and i n d i v i d u a l d i s t r i b u t i o n . An average d i s t a n c e of 15 m. between 
n e s t s g i v e s a f a l s e i mpression of the s t r u c t u r e of the colony. The 
colony appears to be s p l i t i n t o a number of s u b - c o l o n i e s , forming 
c o n c e n t r a t i o n s of b i r d s n e s t i n g i n mutual c l o s e proximity. These 
aggregations a r e connected by b i r d s n e s t i n g more s p a r s e l y between 
them. The s o c i a l s t r u c t u r e of the colony must s i m i l a r l y s p l i t , as 
i t i s i n c o n c e i v a b l e that b i r d s on one s i d e of the Point r e c e i v e any 
communication from g u l l s on the other s i d e , hence any s o c i a l stimu-
l a t i o n f o r breeding must be r e s t r i c t e d to these aggregations of b i r d s . 
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The reason f o r t h i s non-homogeneous d i s t r i b u t i o n i s not c l e a r l y 
e v i d e n t . I t i s thought that s i t e p r e f e r e n c e may have some beari n g 
on the d i s t r i b u t i o n , but the u l t i m a t e f a c t o r of s i t e s e l e c t i o n i s 
u n c l e a r , as a v a r i e t y of s i t e s , w ith regard to v e g e t a t i o n and topo-
graphy were found i n use. 
S i m i l a r l y there i s a non-uniform d i s t r i b u t i o n of s p e c i e s . On 
the 'old' marsh, the colony a r e a most s t u d i e d , had a l e s s e r b l a c k -
backed to h e r r i n g g u l l ration' of approximately 6:1, and that of the 
'new' marsh 3:1. T h i s may have been due d i r e c t l y to s i t e p r e f e r e n c e , 
where the h e r r i n g g u l l s p r e f e r r e d to nest i n lov/er v e g e t a t i o n on more 
exposed s i t e s . 
F i g u r e 1 
Geographical l o c a t i o n of R o c k c l i f f e Marsh, showing 
the a r e a contained w i t h i n a 30 mile r a d i u s of the 
marsh (the estimated feeding range of h e r r i n g g u l l s , 
Pearson 1969). 
Dumfries 
Annan 
1 
5N/ 
ENGLAND 
N 
10 miles 
F i g u r e 2 
Map of R o c k c l i f f e Marsh, showing the 
p o s i t i o n of the h e r r i n g and l e s s e r 
black-backed g u l l colony. 
N 
River Esk 
Sarkfoot Point 
1 
SOLWAY FIRTH ROCKCLIFFE MARSH Greenbed 
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SECTION THREE. 
GENERAL METHODS 
3-1. Marking n e s t s and eggs. 
Nests were marked with wooden s t a k e s (300 x 25 x 7 mm) sharpened 
to a point a t one end and numbered a t the other by bl a c k waterproof 
in k f e l t - t i p pen. The s t a k e s were pushed i n t o the ground about 250 -
300 mm from the n e s t , such th a t about 200 mm of the numbered end 
of the sta k e appeared above ground. The s t a k e s appeared to cause 
l i t t l e d i s t u r b a n c e of the n s t i n g b i r d s except i n one i n s t a n c e vtiere 
the n e s t and c l u t c h of three eggs was moved a d i s t a n c e of 500 mm 
f u r t h e r away from the s t a k e . 
Eggs were marked, u s i n g the same waterproof f e l t - t i p pens, 
according to the sequence of l a y i n g . Thus the f i r s t or a - egg 
(nomenclature of Paludan 1951*) bearing the number 1, b - egg the 
number 2 and c - egg the number 3. Each egg was marked as soon as 
p o s s i b l e a f t e r i t s being l a i d and before the next egg was l a i d . 
•Throughout t h i s study the nomenclature of Paludan (1951) 
w i l l be used. T h i s , i n summary, means that the f i r s t , second and 
t h i r d eggs to be l a i d a r e r e f e r r e d to as the a -, b - and c - eggs 
r e s p e c t i v e l y , subsequent eggs being d -, e - eggs e t c . , and the 
c h i c k s from a -, b - and c - eggs being r e f e r r e d to as A B - and 
C - c h i c k s r e s p e c t i v e l y . 
I 
P l a t e 1 
Method of marking nest, and eggs. 
* 
• 
f8 
it"**"™ 
MB a' mm-
lip? 1? ^^ ^^ ^ 
BSC *S ft 
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The maximum l e n g t h and breadth of each egg was measured using 
Etalon v e r n i e r c a l i p e r s , measuring to the nearest 0 . 1 mm. From 
these measurements the volume and shape index of each egg were 
c a l c u l a t e d using the f o l l o w i n g formulae: 
Volume (v) = k. 1 . b 
where 1 i s the l e n g t h of the egg 
b i s the breadth of the egg 
k i s a constant f o r the p a r t i c u l a r species under 
c o n s i d e r a t i o n . Here the value k = 0.476 ( H a r r i s 1964) 
was used. 
Shape Index ( S . I . ) = 100.b (Coulson 1963) 
1 
3 . 2 . Marking newly hatched chicks. 
The chicks were marked on hatching by the use of a l e g r i n g 
numbered according to the nest number and sequence of l a y i n g of the 
egg from which i t hatched thus the f i r s t l a i d egg of nest 150 pro-
duced a chi c k which would be numbered 150a. The r i n g s were made 
from 7 mm sections of 10 mm diameter yellow p.v.c. t u b i n g , which were 
cut open lengthwise and held i n place around the l e f t l e g by 
r e j o i n i n g the loose ends w i t h one end of a s t a p l e , reducing the 
e f f e c t i v e diameter such t h a t the r i n g would not s l i p over the f o o t . 
The r i n g s were removed a f t e r 10 days, wherever p o s s i b l e , or at 
subsequent r e t r i e v a l s a f t e r t h i s p e r i o d . Should a chick not be 
r e t r i e v e d the combined e f f e c t s of r u s t i n g of the s t a p l e and tension 
on the r i n g produced by growth of the diameter of the l e g would cause 
the n a t u r a l shedding of the r i n g . 
P l a t e 2 
Method of marking c h i c k s , 
« 4 
I 
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The r i n g s were marked w i t h black waterproof i n k from a f i n e 
p o i n t e d f e l t - t i p pen, f i g u r e s remaining c l e a r l y v i s i b l e f o r the 
d u r a t i o n o f the study p e r i o d . 
The wing l e n g t h , tarsus l e n g t h (between the proximal side 
of the j o i n t of d i g i t I to the j o i n t w i t h the t i b i a ) and the mid-
toe l e n g t h (betv/een the proximal side of d i g i t I along the under-
side o f d i g i t I I I t o the d i s t a l end of the f l e s h y t i s s u e beneath 
the claw) were measured at each v i s i t ( F i g 3) (Maunder and T h r e l f a l l 
1972). 
3.3- The aiaLysis o f food samples r e g u r g i t a t e d by chicks. 
An attempt t o study the nature of the food of the g u l l s i n the 
colony was c a r r i e d out by c o l l e c t i n g r e g u r g i t a t e d food from the 
crops o f r e c e n t l y fed chicks. These vomited remains were c o l l e c t e d 
i n polythene bags and preserved i n f o u r per cent formaldehyde. I n t o 
each bag was placed a s l i p of paper bearing the c h i c k number and date, 
such t h a t the species and age of a l l chicks sampled was known. The 
polythene bags were then sealed by k n o t t i n g the top. 
Samples were analysed i n the l a b o r a t o r y i n a white enamel t r a y , 
a d i s s e c t i n g microscope being used to i d e n t i f y small remains. The 
remains were so r t e d i n t o the categories shown i n s e c t i o n e i g h t . 
3 . ^ . E f f i c i e n c y of search and d i v i s i o n of the season. 
The study area was n a t u r a l l y d i v i d e d i n t o twenty one areas by 
drainage channels. Nests, and subsequently c h i c k s , were searched f o r 
by q u a r t e r i n g the areas between these drainage channels. P e r i o d i c 
checks on the e f f i c i e n c y of search were made by n o t i n g a l l nests or 
Figure 3 
Parameters measured on the chick l e g . 
\ \ 
(9 
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chicks found on a c e r t a i n day and c a l c u l a t i n g the percentage of 
those found cub of the t o t a l number known to have been marked. The 
e f f i c i e n c y of f i n d i n g marked nests v a r i e d from 95 per cent to 96 
per cent and t h a t f o r f i n d i n g marked chicks 57 per cent to 71 per 
cent. 
Measurement of eggs commenced on May 7 th and continued u n t i l 
June 18. This season was d i v i d e d i n t o weekly d i v i s i o n s i n each o f 
which i t was hoped t o c o l l e c t data from 100 new nests. Table 1 shows 
the d i s t r i b u t i o n of numbers of nests of known l a y i n g sejj^fence i n each 
of the weeks samples. 
Table 1 . Number of nests, o f known l a y i n g sequence, marked i n each 
week of the season. 
Days from s t a r t o f season 
based on the f i r s t day of Number of nests w i t h 
Date each week. eggs marked 
May 7 - 1 3 0 100 
May Ik - 20 7 102 
May 21 - 27 ±k &k 
May 28 - June 3 21 62 
June k - 10 28 15 
June 11 - 17 35 8 
Note: Season here r e f e r s to the per i o d d u r i n g which observations 
were made u n t i l no new nests w i t h eggs could be found, the t r u e 
n e s t i n g season began a few days before May 7 . 
I n the l a s t two periods more nests were a c t u a l l y marked, but 
these were severely a f f e c t e d by f l o o d i n g before measurements could be 
completed. Due to the small sample size i n these groups data from 
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these two groups are o f t e n grouped together a t day 31 from the s t a r t 
of the season. Data from the l a s t group was sometimes omitted from 
the a n a l y s i s of data since many nests i n t h i s p eriod contained 
r e l a i d c l u tches due to the e f f e c t s of f l o o d i n g of the 'new' marsh 
p o p u l a t i o n e a r l y i n the season. 
3 . 4 . S t a t i s t i c a l Methods. 
S t a t i s t i c a l methods employed i n the a n a l y s i s of data are 
described i n the appendix. 
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SECTION FOUR. 
THE NEST AND EGGS 
4 . 1 . I n t r o d u c t i o n 
Herring and l e s s e r black-backed g u l l s on the marsh are very 
much a l i k e i n t h e i r n e s t i n g h a b i t s . Both make crude nests on the 
ground c o n s i s t i n g of l i t t l e more than a shallow scrape, l i n e d w i t h a 
v a r i a b l e amount of d r i e d grass or s i m i l a r v e g e t a t i o n . I t was 
n o t i c e d t h a t nests were o f t e n decorated w i t h predominantly white 
o b j e c t s , such as bones, s h e l l s , stones and the flowers o f scurvy 
grass. Nest s i t e s were v a r i e d w i t h respect t o degree of exposure 
and nature o f surrounding v e g e t a t i o n . Some nests were found among 
tussocks o f grass, others among very short v e g e t a t i o n . 
The usual c l u t c h of three eggs are l a i d consecutively w i t h an 
i n t e r v a l o f about 46 hours between the a - and b - eggs and 47 hours 
between the b - and c - eggs (Barth 1955) (these times were not 
v e r i f i e d i n t h i s study, but i n most cases a v i s i t to the colony on 
a l t e r n a t e days allowed i n d i v i d u a l eggs to be marked p r i o r t o the 
l a y i n g o f the next egg). 
The nests of 464 p a i r s were marked, the l a y i n g sequence of 351 
of which were known. The t h i r d egg of the other clutches was 
estimated by c a l c u l a t i n g the volume and shape index o f the eggs, the 
t h i r d egg of a c l u t c h having a c h a r a c t e r i s t i c a l l y smaller volume than 
the a - and b - eggs. (Paludan 1951, H a r r i s 1964, Parsons 1971) . 
The average l e n g t h , breadth, volume and shape index o f the 
a b - and c - eggs are shown i n t a b l e 2. 
The d i f f e r e n c e between the average values o f these parameters 
f o r a - and b - eggs are not s t a t i s t i c a l l y s i g n i f i c a n t , but d i f f e r e n c e s 
between l e n g t h and breadth between a - and c - eggs, b - and c - eggs 
Table 2. Measured and calculated parameters of eggs. ( A l l mean values ± one standard 
error, standard deviations follow i n parenthesis.) 
length (mm) breadth (mm) volume (cm ) Shape index n 
a - egg 68.05 ± 0.17 (3.10) 47.74 ± 0.10 (l.80) 74.62 ± 0.39 (7.38) 70.27 ± 0.18 (3.48) 350 
b - egg 67.80 ± 0.21 (3.18) 47.76 ± 0.12 (1.84) 74.46 ± 0.51 (7.64) 70.62 ± 0.24 (3.57) 221 
c - egg 66.66 ± 0.26 (3.33) 46.63 ± 0.13 (1.66) 69.74 ± 0.54 (6.74) 70.09 ± 0.28 (3.55) 155 
a + b - egg 67.96 ± 0.13 (3.13) 47.75 ± 0.08 ( l . 9 l ) 74.55 ± 0.31 (7.48) 70.39 ± 0.40 (9.56) 571 
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and a + b - and c - eggs are s i g n i f i c a n t (F< 0 . 0 5 ) . Barth (1967) 
shows t h a t there i s s i g n i f i c a n t d i f f e r e n c e between the volumes of 
various species o f the Laridae. No s i g n i f i c a n t d i f f e r e n c e was found 
between the volumes of h e r r i n g and l e s s e r black-backed g u l l s i n t h i s 
study area ( t = 0 .797, d.f = 5 9 ) , hence, both species were considered 
together. 
C o e f f i c i e n t s o f variance were c a l c u l a t e d f o r the l e n g t h and 
breadth of a l l eggs, using the f o l l o w i n g formula:-
C o e f f i c i e n t o f variance (c.v) = Standard d e v i a t i o n x 100. 
mean 
CV ( l e n g t h ) = 4.66 
CV (breadth) = 3.67 
This shows t h a t the breadth of the egg i s the more s t a b l e 
character. 
Using the working hypothesis t h a t smaller eggs ( i n t h i s context 
the s i z e of the egg throughout the t e x t r e f e r s to the volume, unless 
otherwise s t a t e d ) have lower h a t c h a b i l i t y and lower p o t e n t i a l of 
producing v i a b l e young ( B l a x t e r and Hempel 1963, T i n d e l l and Morris 
1964, and Parsons 1971) a seasonal t r e n d of v a r i a t i o n i n egg s i z e was 
looked f o r . 
4 . 2 . V a r i a t i o n i n egg volume w i t h respect to season. 
A s i g n i f i c a n t seasonal decrease i n egg volume i s shown i n f i g s 
4 and 5- S i g n i f i c a n t d i f f e r e n c e s were not found between successive 
weeks, but between l a y i n g dates fourteen or more days apart the 
d i f f e r e n c e was s i g n i f i c a n t (P< 0.05). 
Table 3 . Decrease i n egg volume through the season. 
Decrease i n volume (cm^) Percentage decrease 
a + b - eggs 6 .81 8.7 % 
c - eggs 5.46 7.0 % 
(P < 0 . 0 5 ) 
Figure k 
Graph showing v a r i a t i o n o f egg volume w i t h l a y i n g 
date. (Pecked l i n e i n d i c a t e s combined data of 28 
and 31 days) 
( a l l values i 2 standard e r r o r s ) 
78 
77 
76 
75 a+b-egg 
7L 
73 
72 
71 
70 
c-egg 
=5 69 
P 68 
z 67 
H I 
66 
65 
64 
j I I l i ±. 
0 7 14 21 2 8 31 
DAYS FROM START OF S E A S O N 
Figure 5 
Regression l i n e s o f egg volume w i t h l o g season, 
a - egg y = -3.77x + 77.65 r = -0.903-
b - egg y = -5.46x + 78.45 r = -0 .976. 
a+b - egg y = -4.57x + 78.05 r = -0.990. 
c - egg y = -3.39x + 72 .28 r = -0.939. 
78 
\ 
77 
76 
75 
a - e g g 
1U 
73 
b -egg 
- ^ 7 2 
LU 
O 71 
LU c - e g g 
LU 
70 
69 
68 
67 
- J i 1 1 1 1 1 1 i i i i i i i t_ 
0 0 0-1 0-2 0-3 0-4 0-5 0-6 0-7 0-8 0-9 1-0 1-1 1-2 1-3 VU 1.5 
log I O DAYS FROM START OF S E A S O N 
15 
F i g . k shows the p l o t of mean egg volume a g a i n s t days from the 
beginning of the season. The r e s u l t a n t curves tend to approach 
an asymptote of egg volume which may be considered to be the lower 
egg volume t h r e s h o l d which must be exceeded i n order to allo w 
s u c c e s s f u l i n c u b a t i o n and hatching of the egg. 
The s e a s o n a l decrease i n egg volume of a + b - eggs i s 
g r e a t e r than th a t of the c - egg {shown by the r e g r e s s i o n l i n e s 
i n the p l o t of egg volume a g a i n s t l o g days from the s t a r t of the 
season, F i g . 5 ) . The p o s s i b l e e x i s t e n c e of a t h r e s h o l d i s supported 
by the data i n F i g 5» where the percentage s e a s o n a l volume decrease 
of a + b - eggs i s l a r g e r than th a t of the c - egg. S i n c e the 
i n i t i a l s i z e of a - and b - eggs are g r e a t e r than th a t of the c -
egg i t i s p o s s i b l e for a l a r g e r volume decrease to occur i n the a -
and b - eggs without r e a c h i n g the c r i t i c a l egg volume. 
S m a l l e r v a r i a t i o n i n the volume of the c - eggs with season 
has been noted by Barth (196?) and i n the k i t t i w a k e (Coulson 1963) 
and h e r r i n g g u l l (Andersen 1957). 
Reasons f o r v a r i a t i o n i n egg volume w i t h i n a breeding season 
have been a t t r i b u t e d to the age composition of the community a t 
va r i o u s times throughout the season. I t has been shown (Coulson 
and White 1958 and M i l l s 1973) t h a t o l d e r females tend to breed 
e a r l y i n the season and younger females towards the end of the 
season and c o r r e l a t e d with Andersen's data (1957) which shows that 
the breadth of the egg i n c r e a s e s with the age of the female, would 
account f o r the observed s e a s o n a l decrease i n egg volume. Coulson 
(1963) and Andersen (1957) show tha t the c - egg becomes more and 
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more d i f f e r e n t from the a - and b - eggs as the age of the female 
i n c r e a s e s . 
Parsons (1971) however, debates t h i s problem with r e s p e c t 
to h e r r i n g g u l l s and concludes from h i s evidence t h a t there i s 
g r e a t e r v a r i a t i o n i n the volume of the c - egg as the season pro-
g r e s s e s , i . e . t h a t the e f f e c t of decrease i n volume with season 
o v e r r i d e s the e f f e c t of the d i s t r i b u t i o n of o l d e r b i r d s a t the 
beginning of the season. 
R e s u l t s from t h i s study tend to favour the views of Coulson 
and Andersen ( r e g r e s s i o n l i n e s of F i g . 5)» assuming that such a 
temporal d i s t r i b u t i o n of o l d e r breeding b i r d s o c c u r s , ageing and 
sexing of b i r d s having not been c a r r i e d out i n t h i s study. 
The i n c r e a s e i n egg volume a t the end of the season and i t s 
consequent e f f e c t s on h a t c h a b i l i t y and s u r v i v a l of young a r e d i s -
cussed more f u l l y i n s e c t i o n seven, and are thought to be due to 
the higher percentage of r e l a i d c l u t c h e s i n t h i s period than i n 
other p e r i o d s . These r e l a i d c l u t c h e s would be of o l d e r b i r d s whose 
f i r s t c l u t c h e s were destroyed e a r l y i n the season by f l o o d i n g . 
No s i g n i f i c a n t v a r i a t i o n i n c l u t c h s i z e was detected. M i l l s 
(1973) however, demonstrates s i g n i f i c a n t d i f f e r e n c e s between the 
c l u t c h s i z e with season of females of the same age group and a l s o 
s i g n i f i c a n t v a r i a t i o n between the s i z e of the c l u t c h l a i d by females 
of d i f f e r e n t ages when the d i f f e r e n c e between the ages i s two y e a r s 
or more. 
Table 4. V a r i a t i o n i n mean c l u t c h s i z e during the season. 
Days from s t a r t of season Mean c l u t c h s i z e 
0 2.11 ± 0.62 
7 2.23 ± 0.63 
lk 2.09 * 0.51 
21 1.83 1 0.53 
28 2.00 ± 1.32 
O v e r a l l mean c l u t c h s i z e 2.08 - 0.57 
( A l l v a l u e s t one standard e r r o r ) 
F i g u r e 6 
Frequency histogram of number of eggs 
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k>3» C l u t c h removal and egg pre d a t i o n . 
I n order to delay the breeding season of p a i r s of b i r d s to 
see the e f f e c t s of extending the o v e r a l l n e s t i n g season on egg 
s i z e , h a t c h a b i l i t y and c h i c k s u r v i v a l , a number of c l u t c h e s were 
removed as soon as p o s s i b l e a f t e r the t h i r d egg had been l a i d . 
Salomonsen (1939), Paludan (195D and Weidmann (1956) show 
that a complete c l u t c h of t h r e e eggs i s l a i d 11 to 12 days a f t e r 
the removal of a f u l l c l u t c h , p r o v i d i n g the c l u t c h i s removed 
w i t h i n 12 hours of the c - egg being l a i d . Fourteen f u l l c l u t c h e s 
were removed i n the l a s t three season s e c t i o n s as soon as the c -
egg had been l a i d . The exact time of removal a f t e r the l a s t egg-
had been l a i d was not known, but i t i s estimated t h a t t h i s was 
never more than 2k hours, which may account f or the l a c k of repeat 
c l u t c h e s , s i n c e no evident r e l a y c l u t c h e s were found. 
Due to the high percentage of egg predation ( d i s c u s s e d l a t e r ) 
only a l i m i t e d number of c l u t c h e s were removed, i n order th a t a 
s u f f i c i e n t number of c l u t c h e s would be l e f t to complete the incuba-
t i o n p r o c e s s . 
I n the colony, being of such low d e n s i t y , i t i s p o s s i b l e that 
an underestimate of the s i z e of the t e r r i t o r y around the nest was 
made, such th a t the f i n d i n g of. a new ne s t near to the removed c l u t c h 
was not considered as a repeat c l u t c h , but as an e n t i r e l y new n e s t . 
The v a r i a t i o n i n the number of n e s t s predated with r e s p e c t to 
the number of n e s t s a t r i s k between s u c c e s s i v e weeks during the 
season was s i g n i f i c a n t l y d i f f e r e n t (P<0 . 0 0 1 ) ( t a b l e 7 ) . The 
hig h e s t i n c i d e n c e of predation i s e a r l y i n the season, which c o r r e l a t e s 
with the hypothesis t h a t there a r e a l a r g e number of non-breeding 
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b i r d s a t the beginning of the season, as the season p r o g r e s s e s more 
and more b i r d s become i n v o l v e d i n n e s t i n g and hence the percentage 
of egg pred a t i o n becomes l e s s . There a r e a l s o s i g n i f i c a t d i f f e r e n c e s 
between the percentage predation of a b - and c - eggs (P< 0 . 0 0 1 ) 
( t a b l e 5 ) , the a - egg s u f f e r i n g g r e a t e r than expected predation. 
Table 5. V a r i a t i o n i n percentage egg predation with l a y i n g sequence. 
a - egg b - egg c - egg t o t a l 
Number of eggs 144 39 14 197 
predated (93.11) (61 .06) (42.83) 
Number of eggs 193 182 H I 516 
not predated (243.89) (159.94) (112.17) 
Number of eggs 337 221 155 713 
l a i d 
Percentage 42.72 17.64 9.03 27.62 
p r e d a t i o n 
X = 76.26 degrees of freedom = 2 P < 0.001 
(Expected v a l u e s i n p a r e n t h e s i s ) 
Egg p r e d a t i o n i s mainly due to c o n s p e c i f i c predation, which 
was witnessed on s e v e r a l o c c a s i o n s . Other predators on the marsh 
are few, c o n s i s t i n g mainly of a few p a i r s of c a r r i o n crows, which 
were seen on the g u l l colony. S t o a t s , foxes and hedgehogs, although 
seen on the sea w a l l a t the edge of the marsh, a r e thought u n l i k e l y 
to have home ranges l a r g e enough to i n c l u d e the g u l l colony. A 
sparrow hawk, k e s t r e l and barn owls have a l s o been seen around the 
marsh, but a r e s i m i l a r l y not considered to have any major e f f e c t on 
the s u r v i v a l of eggs or c h i c k s . 
Table 6. Seasonal v a r i a t i o n i n egg predation. 
Number of nests marked 
Number of nests 
completely predated 
Percentage complete predation 
Number of nests p a r t l y 
predated 
Percentage p a r t i a l predation 
Days from s 
0 7 14 
100 102 78 
33 34 26 
33.00 33.33 33.33 
12 12 11 
12.00 11.76. 14.10 
of season 
21 28 t o t a l 
57 14 351 
28 4 125 
49.12 28.57 35.61 
1 1 37 
1.75 7.14 10.54 
Table 7* Seasonal v a r i a t i o n of complete nest predation with respect to the number of nests a t r i s k * 
(expected values i n parenthesis). 
Days from s t a r t of season 
0 7 14 21 28 t o t a l 
Number of nests predated 33 
(13.08) 
34 
(22.10) 
26 
(27.85) 
28 
(31.90) 
4 
(30.07) 
125 
Number of nests not predated 67 
(86.92) 
. 135 
(146.90) 
187 
(185.15) 
216 
(212.10) 
226 
(199.93) 
831 
Number of nests at r i s k 100 169 213 244 230 956 
Percentage nest predation 33.00 20.11 12.20 11.49 1.73 13.07 
X 2 = 68.97 degrees of freedom 4 P< 0.001. 
(note: complete nest predation refers to nests with more than one egg which were completely predated, 
and those nests from which the a - egg, being the only egg i n the nest at the time, was predated and 
the nest subsequently deserted without further eggs being l a i d . P a r t i a l nest predated r e f e r s to nests 
containing more than one egg, from which a fr a c t i o n of the tota l number of eggs was l o s t due to predation). 
F i g u r e 7 
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SECTION FI V E . 
HATCHING SUCCESS 
5 .1 . I n t r o d u c t i o n 
V a r i a t i o n i n hatching s u c c e s s of eggs has been shown, with 
r e s p e c t to l a y i n g date, (Parsons 1971) who shows th a t the hatching 
s u c c e s s d e c l i n e s a t the end of the season. 
Hatching s u c c e s s has a l s o been shown to be dependent on egg 
volume ( M o l l a r t 1972) where s m a l l and l a r g e eggs show a lower . 
percentage hatching s u c c e s s than eggs of middle volume range. I t 
may be p o s t u l a t e d from t h i s t h a t the c - egg should probably have 
lower h a t c h i n g s u c c e s s than the other eggs of the c l u t c h . 
5.2 . Hatching s u c c e s s and the nature of the egg. 
No s i g n i f i c a n t d i f f e r e n c e was found between the number of a 
b - or c - eggs h a t c h i n g ( t a b l e 8 ) . 
Table 8. V a r i a t i o n i n hatching s u c c e s s with l a y i n g sequence 
(expected v a l u e s i n p a r e n t h e s i s ) . 
a - egg b - egg c - egg t o t a l 
Number of eggs 153 129 90 372 
h a t c h i n g (148.63) (126.80) (96.57) 
Number of eggs 24 22 25 71 
not hatching (28.37) (24.20) (18.43) 
T o t a l number, of 
eggs incubated 177 151 115 443 
h ' c h a b S t y 8 6 ' ^ 8 5 - « 78.26 83.97 
X = 3 . 8 3 degrees of freedom = 2 P NS. 
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S i m i l a r l y there i s no v a r i a t i o n i n hatching s u c c e s s with c l u t c h 
s i z e ( t a b l e 9 ) . 
Table 9. V a r i a t i o n i n hatching s u c c e s s with c l u t c h s i z e (expected 
v a l u e s i n p a r e n t h e s i s ) . 
C l u t c h s i z e 
3 2 1 t o t a l 
Number of eggs 260 82 30 372 
hatching (259.48) (83.98) (28.55) 
Number of eggs 49 18 4 71 
not hatching (49.52) (16 . 0 3 ) (5.45) 
Number of eggs 
incubated 309 100 34 443 
a*- 1* 8 2-°° m - » « • » 
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X = ° - ? 5 degrees of freedom = 2 P N3. 
5«3« Hatching s u c c e s s and l a y i n g date. 
There i s found to be no s i g n i f i c a n t d i f f e r e n c e i n hatching 
s u c c e s s with r e s p e c t to l a y i n g date ( t a b l e 10) . 
F i g . 8 shows the p l o t of hatching s u c c e s s with l a y i n g date 
and, d i s r e g a r d i n g the seemingly anomalous r e s u l t a t 21 days from 
the s t a r t o f the season, t h e r e seems to be a s l i g h t trend to 
reduced h a t c h a b i l i t y with season. Such a trend would be expected 
i f there were reduced h a t c h a b i l i t y with s m a l l e r eggs (see s e c t i o n 
5 . 4 . ) i knowing t h a t there was a s i g n i f i c a n t decrease i n egg volume 
as the season p r o g r e s s e s . 
F i g u r e 8 : 
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5 . 4 « Hatching s u c c e s s and egg volume. 
Although there i s no s i g n i f i c a n t d i f f e r e n c e i n the v a r i a t i o n 
of h a t c h i n g s u c c e s s with egg volume, a d e f i n i t e trarl of i n c r e a s e d 
hatching s u c c e s s with i n c r e a s e d volume may be seen ( F i g . 9 ) . 
The s c a t t e r of p o i n t s i n F i g . 9 a r e p o s i t i v e l y c o r r e l a t e d 
( r = +0 .774) and s i g n i f i c a n t l y d i f f e r e n t from zero ( t = 3*24, 
P < 0 . 0 2 ) . 
Parsons (1971) shows the same e f f e c t and demonstrates s i g -
n i f i c a n t n e g a t i v e c o r r e l a t i o n a t the high egg volumes. T h i s tendancy 
i s a l s o evident here, showing t h a t t h e r e i s probably an upper value 
of egg volume (about 80 cm^) which g i v e s maximum h a t c h a b i l i t y . 
R e g r ession l i n e s f o r the two f r a c t i o n s of the curve have been 
c a l c u l a t e d : 
Volume c l a s s e s 55 to 75-80 cm^ r = +0 .901 , t = 4 .156 P < 0 . 0 2 . 
Volume c l a s s e s 75 -80 to 90 + cm^ r = - 0 . 6 6 4 , t = 1.256 P NS. 
From the equation of the r e g r e s s i o n l i n e B ( F i g . 9 ) , the 
i n t e r c e p t on the x - a x i s , i . e . a t zero percent h a t c h i n g s u c c e s s , 
was c a l c u l a t e d to be about 34 cm^. I t can be seen, t h e r e f o r e , that 
t h i s volume must be exceeded i n order t h a t s u c c e s s f u l hatching of 
any egg may occur. The lower asymptote of egg volume approached 
w i t h progress of the season i s above t h i s l e v e l , a t about 67 crn^ 
i . e . a t 76% h a t c h a b i l i t y . 
F i g . 6 shows a frequency histogram of the number of eggs l a i d 
a t each volume c l a s s ( r e g a r d l e s s of l a y i n g sequence). I t can be 
seen that the high frequency c l a s s e s correspond, c l o s e l y to the 
hig h e s t percentage h a t c h a b i l i t y (75% to 90%). 
Table 10. Variation i n hatchability through the season, 
(expected values i n parenthesis) 
Laying date (days from s t a r t 
0 7 14 
Number of eggs 
hatching 
127 
(125.96) 
131 
(132.68) 
61 
(62.98) 
Number of eggs 
not hatching 
23 
(24.04) 
27 
( 2 5 . 3 2 ) 
14 
(12.02) 
Number of eggs 
incubated 
150 158 75 
Percentage 
hatc h a b i l i t y 84.66 82.91 81 .33 
of season) 
21 28 t o t a l 
44 9 372 
(41 . 1 5 ) (9.24) 
5 2 71 
(7.85) (1.76) 
49 11 443 
89.79 81.81 83.97 
X = 2.14 degrees of freedom = 4 P NS. 
Table 11, Variation i n hatching success with respect to egg volume 
(expected values i n parenthesis) 
Number of eggs hatching 
Number of eggs not 
hatching 
Number of eggs incubated 
Percentage hatchability 
Volume cla s s 
up to 55 55-60 60-65 65-70 70-75 
1 
(2.20) 
5 
(6.67) 
31 
(32.60) 
79 
(81.92) 
84 
(84.43) 
2 
(0.49) 
8 
(6.40) 
19 
(16.08) 
17 
(16.57) 
3 8 39 98 101 
33.3 62.5 79.5 80.6 83.2 
es (cm ) 
75-80 80-85 85-90 90 + to t a l 
89 
(82.76) 
57 
(56.01) 
17 
(15.88) 
9 
(9.20) 
372 
10 
(16.25) 
10 
(10.99) 
2 
(3.12) 
2 
(1.80) 
73 
99 67 19 11 445 
89.9 85.1 89.5 81.8 
X = 12 .52 degrees of freedom = 8 P NS 
F i g u r e 9 
Regression l i n e s of the two f r a c t i o n s of the 
curve of percentage hatching s u c c e s s with 
square root of egg volume. 
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I t can be seen from F i g . 10 that the percentage h a t c h a b i l i t y 
of eggs i s reduced to a very low l e v e l when the egg volume f a l l s below 
about 5 7 . 5 cm^. T h i s poor hatching s u c c e s s a t low volume may be 
expressed as energy wastage of the a d u l t ( F i g . 1 1 ) . 
The c a l o r i f i c v a l u e s of eggs of d i f f e r e n t s i z e s ( u s i n g c a l o r i f i c 
v a l u e s of y o l k and albumen only) were c a l c u l a t e d by use of the 
r e g r e s s i o n s of egg volume on egg weight and weight of components of 
the egg on t o t a l weight of egg given by Parsons ( 1 9 7 1 ) (see appendix). 
C a l o r i f i c v a l u e s of 3 . ^ 8 k . c a l . g - 1 for y o l k and 0 . 5 1 k . c a l . g - 1 f o r 
albumen (Altman and Dittmer 1 9 6 8 ) were used. 
I t can be seen, t h e r e f o r e , that f o r a s m a l l i n c r e a s e i n energy 
output ( i n terms of yo l k and albumen) of 9 k . c a l , i n i n c r e a s i n g the 
3 3 
s i z e of the egg from 5 2 . 5 cnr to 6 2 . 5 cm , a 50% i n c r e a s e i n hatc h i n g 
s u c c e s s i s obtained with the corresponding r e d u c t i o n of energy wastage 
per egg of 3 6 . 9 5 k . c a l . 
Hence i t may be proposed th a t e v o l u t i o n a r y g e n e t i c s e l e c t i o n 
r e s u l t s i n the g u l l s tending to l a y eggs i n the 6 2 cm^ to 8 3 crn^ 
range ( F i g . 6 ) g i v i n g maximum u t i l i s a t i o n of energy output. 
I t i s r e a l i s e d that t h i s energy budget i s not t r u l y r e p r e s e n -
t a t i v e of the events under c o n s i d e r a t i o n . The r e p r e s e n t a t i o n of 
energy output of the female as c a l c u l a t e d by the c a l o r i f i c v a l u e s 
of y o l k and albumen of the egg, does not account f o r the many other 
sources of energy expenditure during egg l a y i n g p a r t i c u l a r l y when a 
comparison of eggs of d i f f e r i n g s i z e s i s made, but i t i s thought 
that the v a l u e s given above a r e an index of the t o t a l energy 
expenditure during o v u l a t i o n . 
Table 12. Estimation of energy wastage per egg due to f a i l u r e of hatching. 
Egg volume (cm ) C a l o r i f i c value of yolk + albumen Percentage f a i l u r e Energy 
for an egg of corresponding volume to hatch wastage (k c a l . ) 
52.5 84. Gl 66.7 56.03 
57.5 88.56 37.5 33.21 
62.5 93.12 20.5 19.09 
67.5 98.43 19.4 19.10 
72.5 102.38 16.8 17.20 
77.5 106.91 10.1 10.80 
82.5 111.43 14.9 16.60 
87.5 116.08 10.5 12.19 
92.5 120.73 18.2 21.97 
F i g u r e 10 
Graph of percentage hatching s u c c e s s 
with egg volume. 
F i g u r e 11 
Graph showing c a l o r i f i c v a l u e of eggs 
of v a r i o u s volume ( c r o s s e s ) and the 
energy wastage a t each egg volume c l a s s 
due to the non hatching of eggs ( F i g . 10) 
( d o t s ) . 
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SECTION SIX. 
GROWTH OF CHICKS 
6.1. I n t r o d u c t i o n . 
The r a t e of c h i c k growth was estimated by measurements of wing, 
t a r s u s and mid-toe i n c r e a s e i n l e n g t h , measurements being made on 
a l t e r n a t e days. The date of hatching was determined as a c c u r a t e l y 
as p o s s i b l e , but s i n c e the colony was v i s i t e d on a l t e r n a t e days, a 
c h i c k may be from 0 to 2 days o l d when f i r s t found i n the n e s t , hence 
age c l a s s e s used cover a range of two days. 
Most authors ( H a r r i s 1964 and Kadlec et a l . 1969) suggest th a t 
i t i s p o s s i b l e to follow the f a t e of c h i c k s during the f i r s t week of 
l i f e , the peri o d when c h i c k m o r t a l i t y i s a t a maximum (Kadlec et a l . 
1969)* Some d i f f i c u l t y was experienced i n f i n d i n g c h i c k s on s u c c e s s i v e 
v i s i t s to the colony, due to the c r y p t i c behaviour of the c h i c k s and 
the low d e n s i t y of n e s t i n g , g i v i n g the c h i c k s a l a r g e a r e a around the 
nest ( s t i l l w i t h i n the parent's t e r r i t o r y ) i n which to hide. Chicks 
o f t e n l e f t the nest s i t e a t the age of four to eigh t days and r e a d i l y 
concealed themselves i n tunnels i n the ve g e t a t i o n ( P l a t e 3 ) . L a r g e r 
c h i c k s concealed themselves i n drainage channels, under overhanging 
banks and v e g e t a t i o n . Such d i f f i c u l t i e s i n s e a r c h i n g f o r c h i c k s 
accounts f o r the reduced e f f i c i e n c y of s e a r c h as compared with that 
for n e s t s , r e f e r r e d to e a r l i e r . 
6.2. V a r i a t i o n i n growth with r e s p e c t of l a y i n g and hatching sequence. 
S i n c e some i n c u b a t i o n s t a r t s p r i o r to the l a y i n g of the t h i r d 
egg, the C - c h i c k i s the l a s t of the c l u t c h to hatch. The A - and 
B - c h i c k s u s u a l l y hatch on the same day, or w i t h i n one day of each 
P l a t e 3 
A i+-6 day old c h i c k i n g r a s s near to the n e s t . 
A. h 
n i i 
Warn m ftMTttiir-i 
«1 
2 5 
other (the B - c h i c k often hatching f i r s t ) . The C- c h i c k g e n e r a l l y 
hatches one to two days a f t e r i t s s i b l i n g s . I t i s t h e r e f o r e 
reasonable to propose t h a t the C - c h i c k w i l l be s m a l l e r than i t s 
s i b l i n g s a t any one age group, having f i r s t l y , hatched from a 
s m a l l e r egg and, secondly, having to compete f o r food a g a i n s t c h i c k s 
l a r g e r than i t s e l f . 
Table 13 shows the wing len g t h of c h i c k s with i n c r e a s i n g age, 
with regard to l a y i n g sequence. No s i g n i f i c a n t d i f f e r e n c e s between 
the A - and B - c h i c k s were found a t any age group. S i g n i f i c a n t 
d i f f e r e n c e i n only one age group ( 4 - 6 ) was found between A + B and 
C - c h i c k s ( P < 0 . 0 5 , t = 2 . 2 ) . 
I t can be seen i n the A - and B - c h i c k s t h a t t h e r e i s much 
g r e a t e r v a r i a t i o n i n wing length i n the f i r s t age group than i n the 
second. T h i s may be p a r t i a l l y e xplained by the d i f f i c u l t y i n 
ob t a i n i n g t h i s measurement to a high degree of accuracy when the 
wing l e n g t h i s s m a l l . There i s a l s o r a p i d growth of down f e a t h e r s 
curing t h i s period and c h i c k s of t h i s age group were found with more 
or l e s s naked wings ( r e c e n t l y emerged),to those with l a r g e numbers 
of down f e a t h e r s on the wing making measurement d i f f i c u l t . 
S i g n i f i c a n t d i f f e r e n c e s between A - and C - c h i c k s , B- and 
C - c h i c k s and A + B - and C - c h i c k s were found i n the f i r s t four 
age groups f or t a r s u s l e n g t h . The r e s u l t s shown i n t a b l e Ik are of 
g r e a t e r s i g n i f i c a n c e than the r e s u l t s of wing and mid-toe length, 
s i n c e the c o e f f i c i e n t of v a r i a n c e of t a r s u s l e n g t h i s l e s s than 
that of mid-toe or wing l e n g t h , and thus a l e s s v a r i a b l e c h a r a c t e r . 
Table 13. Mean wing length of chicks at dif f e r e n t age cl a s s e s with respect to the hatching sequence. 
( A l l values ± one standard error, standard deviations i n parenthesis). 
Age c l a s s e s (days) 
0 - 2 2 - 4 4 - 6 6 - 8 8 - 1 0 
A - chick 60 .05 ± 1.02 
( 1 2 . 5 6 ) 
69 .91 ± 0 . 5 8 
( 6 . 4 4 ) 
81.61 ± 0.84 
( 7 . 8 8 ) 
98 .15 ± 1.43 
( 1 1 . 2 0 ) 
123 .96 ± 3 .03 
( 2 0 . 5 3 ) 
B - chick 61 .66 t 0.60 
(6.60) 
70 .69 ± 0.61 
C5.91) 
82.64 ±- 0 . 9 9 
( 8 . 5 0 ) 
100.92 ± 1.61 
( 1 2 . 5 8 ) 
117 .94 i 2 . 9 0 
(17 . 1 3 ) 
C - chick 59.01 ± 0 .56 
( 5 . 2 1 ) 
67 .56 ± 1.18 
(9.71) 
78 .02 ± 1 .19 
( 8 . 1 1 ) 
95 .72 ± 2 .21 
(11.91) 
117 .45 ± 5 .02 
( 5 8 . 9 3 ) 
A + B - chicks 60 .76 ± 0 .49 
(8.25) 
70 .25 t 0 .42 
( 6 . 2 1 ) 
82.03 + 0.64 
( 8 . 1 5 ) 
99.64 ± 1.08 
( 1 1 . 9 3 ) 
121 .23 ± 2 . 2 0 
(19.64) 
t and p, A+B/C 1.66 NS 1.68 NS 2.21 P<0.05 1.19 N3 0:.52 NS 
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Table 1 3 a . C o e f f i c i e n t s of v a r i a n c e of c h i c k parameters measured. 
Parameter C o e f f i c i e n t of v a r i a n c e 
T a r s u s l e n g t h 8 . 5 
Mid-toe leng t h 1 1 . 9 
Wing leng t h 2 0 . 2 
F i g 12 shows a p l o t of mean wing, t a r s u s and mid-toe le n g t h s 
f o r a l l c h i c k s a g a i n s t age c l a s s . F i g . 13 shows a p l o t of mean 
t a r s u s l e n g t h of A + B - and C - c h i c k s a g a i n s t age c l a s s , from 
which i t may be seen that the r a t e of growth of the C- c h i c k i s as 
great as that f or the A + B c h i c k s although s t a r t i n g a t a lower l e v e l . 
S i n c e t h e r e i s no s i g n i f i c a n t d i f f e r e n c e between the t a r s u s l e n g t h 
of A + B - c h i c k s and C - c h i c k s i n the l a s t two age groups i t i s 
thought tha t the r a t e of growth of the C - c h i c k i s a c t u a l l y g r e a t e r 
than t h a t of i t s s i b l i n g s ( i . e . the two growth curves become c l o s e r 
and c l o s e r together as age i n c r e a s e s ) , however there i s no s t a t i s t i -
c a l l y s i g n i f i c a n t d i f f e r e n c e between the increments of length with 
age ( t a b l e 15 and F i g . 1 3 ) . 
6 . 3 . V a r i a t i o n i n growth r a t e with r e s p e c t to l a y i n g date. 
There i s no s i g n i f i c a n t d i f f e r e n c e between the r a t e s of growth 
of the wing or mid-toe le n g t h s a t v a r i o u s times during the season. 
S i g n i f i c a n t d i f f e r e n c e ( P < 0 . 0 5 ) were found between some season 
s e c t i o n s a t d i f f e r e n c e age groups for the t a r s u s l e n g t h , but no 
trends were evident ( t a b l e s 16, 17 and 1 8 ) . 
6 . 4 . V a r i a t i o n i n growth r a t e with r e s p e c t to c l t c h s i z e . 
In.both wing leng t h and t a r s u s l e n g t h a t d i f f e r e n t age c l a s s e s 
there was found to be no s i g n i f i c a n t d i f f e r e n c e s between the growth 
F i g u r e 12 
Graph of wing, mid-toe and t a r s u s l e n g t h 
w i t h age of c h i c k . 
( a l l v a l u e s ± 2 standard e r r o r s ) 
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rates of chicks from clutches of three, two or one chick (table 19). 
I t would be expected that chicks from smaller clutches would 
obtain more food per capita from the parents than those of larger 
clutches, and show a corresponding increase i n growth rate. I t 
would appear, however, from the data presented here, that a physio-
l o g i c a l upper l i m i t of growth rate e x i s t s , and food supplied over and 
above the quantity and/ or quality required to produce t h i s maximal 
growth rate can cause no further increase in growth rate. 
Table 14. Variation in mean tarsus length at different age groups with respect to hatching sequence 
(All values i one standard error, standard deviations in parenthesis). 
Age classes (days) 
0 - 2 2 - 4 4 - 6 6 - 8 8 - 10 10 - 12 
A - chick 25.03 ± 0.16 28.15 ± 0.19 31.02 ± 0.26 33.88 t 0.37 38.16 ± 0.50 42.46 ± 1.04 
(1.90) (1.99) (2.46) (2.83) (3.34) (5.28) 
B - chick 25.24 ± 0.18 27.95 ± 0.17 30.54 ± 0.25 34.42 t 0.40 36.94 ± 0.59 41.00 t 0.71 
(1.92) (1.64) (2.13) (3.09) (3.44) (3.45) 
C - chick 24.48 ± 0.17 26.79 ± 0.21 29.11 ± 0.35 33.36 t 0.59 36.59 ± 0.82 39.27 ± 0.88 
(1.54) (1.65) (2.35) (3.09) (3.83) (3-39) 
A + B - chick 25.30 ± 0.14 28.06 + 0.13 30.80 t 0.18 34.15 t 0.27 37.63 t 0.38 41.76 t 0.64 
(2.24) (1.84) (2.33) (2.97) (3.42) (4.5l) 
By the use of paired t - tests no significant differences v/ere found between A - and B - chicks 
at any age group. Significant differences (P<0.05) between A + B - and C - chicks for the f i r s t 
four age groups were found. 
Table 15. 
sequence. 
Variation in increment of tarsus length between age classes, with reject to hatching 
(values - one standard error, a l l values are positive). 
A + B - chick 
C - chick 
t 
0-2/2-4 
2.76 i 0.19 
2.30 t 0.26 
1.02 
Increments between age classes 
2-4/4-6 4-6/6-8 6-8/8-10 
2.75 - 0.22 
2.33 i 0.41 
0.67 
3.25 I 0.33 
4.25 ± 0.68 
0.89 
3.48 t 0.47 
3.23 ± 1.00 
0.17 
8-10/10-12 
4.13 ± 0.73 
2.68 t 1.20 
0.75 
The difference betxveen the increment 0-2/2-4 and 4=6/6-8 in the C - chick i s statistically-
significant ( t = 2.06 P<0.05). 
Figure 13 
Graph showing variation in tarsus length with age 
of chick between A + B - and C - chicks, increments 
between age c l a s s e s are also shown. 
( a l l values t 2 standard errors) 
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Table 16. Variation in mean wing length at different age groups with respect to season (laying date), 
( a l l values ± one standard error, standard deviations in parenthesis). 
Days from start 0 - 2 
of season 
0 59.08 ± 0.56 
(6.18) 
7 61.59 ± 0.57 
(6.65) 
14 59.54 ± 0.62 
(4.78) 
21 60.69 ± 0.89 
(5.88) 
A l l 63.87 ± 0.75 
(13.80) 
Age classes (days) 
2 -4 4 - 6 
69.54 ± 0.58 83.00 ± 0.77 
(5.58) (6.60) 
70.79 ±0.70 81.47 ± 1.21 
(6.82) (9.95) 
68.16 ± 1.46 77.75 ± 1.21 
(10.64) (7.14) 
68.73 * 0.99 80.16 ± 1.71 
(6.15) (8.38) 
69.59 ± 0.44 81.14 ± 0.58 
(7.32) (8.32) 
6 - 8 8 - 1 0 
102.65 ± 1.62 121.82± 2.21 
(10.77) (11.72) 
100.77 ± 1.66 135.37 ± 5.00 
(12.25) (28.25) 
97.05 t 2.07 117.85 t 4.14 
(12.43) (21.92) 
94.33 ± 2.97 116.45 * 4.52 
(10.28) (14.98) 
99.90 + 0.71 114.38 ± 5.45 
(8.55) (54.26) 
Table 17. Variation in mid-toe length at different age groups with respect to season (laying date), 
( a l l values ± one standard error, standard deviations in parenthesis). 
Age classes (days) 
start of season 0 - 2 2 - 4 4 - 6 6 - 8 • -8 - 10 
0 32.78 ± 0.25 
(2.82) 
35.61 ± 0.27 
(2.56) 
39.45 ± 0.35 
(2.99) 
43.07 ± 0.44 
(2.91) 
46.89 ± 0.58 
(3.07) 
7 32.70 ± 0.23 
(2.66) 
35.60 ± 0.25 
(2.46) 
38.51 ± 0.37 
(3.01) 
42.93 * 0.50 
(3.75) 
46.82 ± 0.82 
(4.73) 
14 32.64 i 0.25 
(1.98) 
35.72 ± 0.25 
(2.15) 
39.28 i 0.47 
(3.00) 
42.82 ± 0.62 
(3.63) 
46.83 t 0.74 
(4.00) 
21 32.98 ± 0.30 
(1.96) 
35.63 ±0.37 
(2.28) 
39.48 ± 0.50 
(2.52) 
42.00 ± 0.76 
(2.83) 
46.00 ± 1.03 
(4.00) 
28 34.00 f 0.93 
(2.62) 
37.83 ± 1.66 
(4.07) 
38.75 ± 1.80 
(3.60) 
43.75 ± 1.89 
(3.77) 
A l l 32.78 ± 0.69 
(1.33) 
35.67 ± 0.15 
(2.46) 
39.11 ± 0.21 
(2.96) 
42.88 ± 0.27 
(3.39) 
46.73 ± 0.39 
(3.98) 
10 - 12 
50.58 ± 0.93 
(4.75) 
50.63 ± 0.70 
(3.64) 
50.62 i 1.09 
(3.93) 
47.00 ± 3.00 
(4.24) 
50.50 ± 0.50 
(4.12) 
Table 18. Variation i n mean tarsus length at different age groups with respect to season (laying date), 
( a l l values ± one standard error, standard deviations in parenthesis) 
Age classes (days) 
Days from start of season 0 - 2 2 - 4 4 - 6 6 - 8 8 - 10 10 - 12 
0 25.23 ± 0.22 28.36 ± 0.24 31.41 ± 0.29 35.11 ± 0.40 38.18 ± 0.54 41.65 - 0.84 
(2.48) (2.31) (2.48) (2.66) (2.88) (4.26) 
7 25.48 + 0.17 27.98 + 0.18 30.29 +©.33 33.73 + 0.40 38.06 ± 0.73 40.74 ± 0.87 
(1.99) (1.78) (2.64) (3.06) (4.19) (4.54) 
14 24.56 ± 0.28 27.37 - 0.24 29.66 ± 0.34 33.32 ± 0.54 36.90 t 0.62 39.85 - 1.01 
(2.19) (1.78) (2.17) (3.06) (3.32) (3.65) 
21 24.44 ± 0.31 26.71 ± 0.29 30.04 ± 0.49 32.00 ± 0.58 35.93 ± 0.85 36.00 ± 1.00 
(1.98) (1.70) (2.40) (2.08) (3.20) (1.41) 
28 25.63 ± 0.53 28.17 - 1.22 30.00 - 1.47 34.00 ± 1.78 
(1.51) (2.99) (2.94) (3.56) 
A l l 25.13 - 0.12 27.84 t 0.12 30.53 - 0.18 33.91 ± 0.25 37.48 1 0.35 40.78 t 0.52 
(2.22) (2.05) (2.55) (2.99) (3.55) (4.28) 
Table 19. Variation in mean wing and tarsus length at different age classes with respect to clutch size. 
(All values - one standard error, standard deviations in parenthesis) 
Age classes 
0 - 2 2 - 4 4 - 6 
Wing length 
6 - 8 8 - 1 0 
3. 60.56 ± 0.40 
(5.68) 
70.90 ± 0.60 
(7.63) 
81.22 ± 0.78 
(8.74) 
98.95 $ 1.22 
(12.02) 
118.98 ± 1.87 
(14.34) 
2. 60.56 ± 0.55 
(6.32) 
69.51 ± 0.66 
(6.56) 
81.52 ± 0.97 
(8.62) 
97.75 ± 1.54 
(11.64) 
121.60 ± 3.90 
(25.55) 
1. 58.97 t 0.74 
(5.71) 
69.43 t 0.85 
(5.74) 
80.62 t 1.59 
(8.09) 
Tarsus length 
101.60 t 2.08 
(9.30) 
119.61 t 3.49 
(14.80) 
3. 24.93 t 0.13 
(1.71) 
27.49 t 0.16 
(1.93) 
30.35 t 0.24 
(2.47) 
34.01 t 0.36 
(3.18) 
37.37 t 0.50 
(3.36) 
2. 25.09 ± 0.19 
(1.98) 
27.96 ± 0.20 
(1.81) 
30.57 - 0.28 
(2.34) 
33.41 ± 0.45 
(3.03) 
37.53 ± 0.63 
(3.90) 
1. 24.80 ± 0.28 
(1.95) 
28.00 ± 0.28 
(1.72) 
30.57 ± 0.50 
(2.39) 
34.60 ± 0.49 
(1.88) 
37.21 ± 0.93 
(3.49) 
By the use of paired t - tests no significant differences were found between the wing lengths at different 
clutch sizes at each age group. 
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SECTION SEVEN. 
CHICK MORTALITY 
7.1. Introduction 
Chick mortality has been shown to occur mainly within the 
f i r s t week of l i f e (Kadlec et a l . 1969). Parsons (197D attributes 
the mortality mainly to cannibalism and attacks by conspecific^fe's on 
chicks as the chicks wander into neighbouring t e r r i t o r i e s . On the 
g u l l colony studied here l i t t l e cannibalism and attack of t h i s sort 
was actually observed, probably due to the low density of nesting. 
One cause of chick mortality was found to be due to attack by 
the shepherd's dogs (some egg predation i s also thought to have ^ 
occurred i n a l i k e manner), the dogs being on the marsh usually 
three times a day and not always under the s t r i c t e s t control. 
7.2. Variation i n chick mortality with season. 
Variation i n chick mortality with season may be seen to be 
s i g n i f i c a n t (table 20), the s u r v i v a l of chicks being greater at the 
beginning of the season than l a t e r i n the season (regression l i n e of 
Fig. 14). This correlates well with the hypothesis that older adults 
tend to breed at the beginning of the season with a higher degree of 
success than the younger birds, which breed l a t e r i n the season. 
At the end of the season there i s a reversion to a high per-
centage of chick s u r v i v a l . This increase i n success has been alluded 
to i n section four and the increase i n chick s u r v i v a l may be d i r e c t l y 
related to the increased s i z e of eggs l a i d i n t h i s period. This 
period represents an end of season recovery of breeding success. 
The factors accounting for t h i s success are not c l e a r but i t i s c©n-
Table 20. Variation in chick survival with respect to laying date, 
(expected values in parenthesis). 
Days from start of season 
0 7 14 21 28 total 
Number of chicks 
dying 
50 
(57.40) 
62 
(62.14) 
39 
(34.15) 
32 
(25.62) 
2 
(5.69) 
185 
Number of chicks 
surviving .71 (63.60) 69 (68.86) 33 (37.58) 
22 
(28.38) 
10 
(6.31) 
205 
Total 121 131 72 54 12 390 
Percentage survival 55.9 52.7 45.8 40.7 83.3 52.6 
X 2 = 10.69 degrees of freedom 4 P < 0.05. 
Figure Ik 
Graph showing seasonal variation i n percentage chick 
s u r v i v a l . 
Ignoring the value at 28 on the grounds of interference 
by r e l a i d clutches, the regression l i n e of the f i r s t 
four points shows a s i g n i f i c a n t decrease i n chick 
s u r v i v a l with laying date, y = -0.75x + 56.65 
r = -0.991 P < 0.01. 
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Table 21. Variation in chick mortality with respect to age of the chick, (expected values in parenthesis). 
Age classes (days) 
2 - 4 
A - chick 
Number dead 
Number alive 
Number at risk 
Percentage 
mortality 
B - chick 
Number dead 
Number alive 
Number at risk 
Percentage 
mortality 
Dead i n 
shell 
2 
(8.89) 
161 
(154.11) 
163 
1.2 
4 
(7.32) 
136 
(132.68) 
140 
2.9 
0 - 2 
3 
(8.78) 
158 
(152.22) 
161 
1.9 
11 
(8.62) 
147 
(149.38) 
158 
7.00 
(7?11) 
131 
(128.88) 
136 
3.7 
7 
(6.85) 
124 
(124.15) 
131 
5.3 
4 - 6 
14 (8.02) 
133 
(138.98) 
147 
9.5 
X = 25.81 degrees of freedom 5 P <• 0.001 
11 
(6.48) 
113 
(117.52) 
124 
8.9 
6 - 8 
15 
(7.25) 
118 
(125.75) 
133 
11.3 
11 
(5.91) 
102 
(107.09) 
113 
9.7 
8 - 1 0 
3 
(6.44) 
115 
(111.56) 
118 
2.5 
1 
(5.33) 
101 
(96.67) 
102 
1.0 
total 
48 
832 
880 
5.5 
39 
707 
746 
5.2 
X, = 13.9 degrees of freedom 5 P < 0.02 
Continued 
Table 21. Continued 
C - chick 
Number dead 
Number alive 
Number at risk 
Percentage 
mortality-
A l l chicks 
Number dead 
Number alive 
Number at risk 
Percentage 
mortality 
Bead in 
shell 
9 
(10.74) 
103 
(101.26) 
112 
8.0 
X 
15 
(26.54) 
400 
(388.46) 
415 
3i6 
0 - 2 
5 
(9.87) 
98 
(93.13) 
103 
4.9 
2 - 4 
10 
(9.39) 
88 
(88.61) 
98 
10.2 
13 
(25.58) 
387 
(374.42) 
400 
3.3 
28 
(24.75) 
359 
(362.25) 
387 
7.2 
Age classes (days) 
4 - 6 
18 
(8.44) 
70 
(79.56) 
88 
20.5 
= 22.3 degrees of freedom 5 P <• 0.001 
43 
(22.96) 
316 
(336.04) 
359 
12.0 
6 - 8 
9 
(6.71) 
61 
(63.29) 
70 
12.9 
35 
(20.21) 
281 
(295.79) 
316 
11.1 
8 - 1 0 
0 
(5.85) 
61 
(55.15) 
61 
0.0 
4 
(17.97) 
277 
(263.03) 
281 
1.4 
total 
51 
481 
532 
9.6 
138 
2,020 
2,158 
6.4 
= 54.28 degrees of freedom 5 P < 0.001 
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sidered here that the main reason for i t s existence i s due to the 
high proportion of r e l a i d clutches of the older adults of the early 
part of the season which had been subjected to predation and flooding 
at the time of t h e i r laying. 
This i s not, however, the only reason for the increased 
s u r v i v a l , as a large proportion of the eggs at 28 days from the 
s t a r t of the season are of smaller volume than e a r l i e r i n the season. 
These eggs must, therefore, have greater potential for producing 
viable offspring, thus a change in physiology towards the end of 
the season i s evident. 
7.3. Variation i n chick mortality with the age of the chick. 
Table 21 shows that there are s i g n i f i c a n t differences in the 
mortality of chicks i n different age c l a s s e s , mortality becoming 
highest between the ages of 2 - 8 days, coinciding with the time at 
which chicks tended to wander away from the nest. 
Chicks become harder to find as they wander away from the 
nest, hence i t i s probable that d i f f i c u l t y i n finding chicks i n 
the age group if - 8 days r e s u l t s i n the erroneous recording of 
chick mortality when the apparent mortality resulted from f a i l u r e 
to find an extant chick. 
The mean age of maximum mortality i n A -, B- and C - chicks 
i s not s t a t i s t i c a l l y d i f f e r e n t , but a trend towards a higher 
mortality rate at a younger age i n the C - chick can be seen. 
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Table 22. Mean age a t which maximum m o r t a l i t y occurs, 
(means ± one standard e r r o r ) 
A - chick B - chick C - chick 
S a ^ / C d ^ r * 5.02 1 0 . 9 1 4.48 10 .98 4.04 ± 0.98 
-—0.29 —* ~—0.22—-
t 
< 0*52 • 
NS NS 
P 
NS 
7.if. V a r i a t i o n i n chick m o r t a l i t y w i t h l a y i n g sequence. 
Table 23 shows the v a r i a t i o n i n m o r t a l i t y of chicks (regardless 
of age) w i t h regard to l a y i n g sequence. The s i g n i f i c a n t d i f f e r e n c e 
shown here shows t h a t the C - chick s u f f e r s a higher m o r t a l i t y than 
i t s s i b l i n g s . 
Table 23. V a r i a t i o n i n c h i c k m a t a l i t y w i t h respect to l a y i n g 
sequence. (expected values i n parenthesis) 
A - chick B - chick C - chick T o t a l 
Number of chicks died 
w i t h i n the f i r s t week 
o f l i f e 
Number of chicks 
s u r v i v e d 
48 39 51 138 
(54.20) (46.55) (37.2*0 
115 101 61 277 
(108.80) (93.45) (74.76) 
T o t a l 163 140 112 412 
Percentage m o r t a l i t y 29.4 22.1 45-5 33.6 
2 
X. = 10.514 degrees o f freedom 2 P< 0.001 
Figure 15 
Histograms of percentage chick m o r t a l i t y 
at v a r i o u s age classes of ch i c k s . 
Regression l i n e s o f egg volume on egg 
weight and weight of components on egg weight, 
used i n the c a l c u l a t i o n of the c a l o r i f i c 
value of albumen and y o l k content of eggs 
of various volume classes (from Parsons 1971). 
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The t h i r d chick of a c l u t c h i s g e n e r a l l y l a s t i n the peck 
order and thus l i a b l e t o receive l e s s food than i t s s i b l i n g s . 
Hence i t would be supposed t h a t i t i s more su s c e p t i b l e to s t a r -
v a t i o n and consequent death. I t has already been shown, however, 
( s e c t i o n s i x ) t h a t the C - c h i c k e x h i b i t s the same or even gr e a t e r 
r a t e of growth than the A - and B - c h i c k s , and thus food shortage 
as such must not be the only f a c t o r i n f l u e n c i n g the higher m o r t a l i t y 
i n the C - c h i c k . 
A - and B - chicks hatch more or l e s s synchronously w i t h the 
C - c h i c k hatching g e n e r a l l y some time l a t e r ( o f t e n one to two days). 
Chicks are brooded by the a d u l t s during the adverse v/eather c o n d i t i o n s , 
and i t i s proposed here t h a t since the A - and B - chicks hatch f i r s t , 
they are l a r g e r and demanding r e l a t i v e l y more food than the C - chick 
at the time of C - c h i c k emergence. Since the parent must then spend 
a g r e a t e r amount of time away from the nest s i t e i n search of food, 
at t h i s time, the f u l l c l u t c h cannot be brooded as e f f i c i e n t l y as the 
f i r s t two. c h i c k s . The young C - chick i s more su s c e p t i b l e to w e t t i n g 
and c h i l l i n g than i t s e l d e r s i b l i n g s which have developed more 
waterproof down. Such c h i l l i n g o f the C - chick i s thought t o be 
one of the primary reasons f o r causing d i f f e r e n t i a l m o r t a l i t y w i t h 
respect t o hatching sequence. 
7.5 Chick prod u c t i o n i n the colony, as a whole. 
Table 2.k summarises the v a r i a t i o n i n chick production per p a i r 
o f n e s t i n g b i r d s i n the colony w i t h respect to the date of commence-
ment of egg l a y i n g . 
Table 24. Chick production per p a i r w i t i i reqpect to laying date. 
0 
Laying date (days 
7 
from s t a r t 
14 
of season) 
21 28 t o t a l 
Number of nests allowed to develop 100 101 70 54 12 337 
Number of eggs allowed to develop 211 228 176 113 30 758 
Number of eggs predated 56 57 45 36 5 199 
Number of eggs incubated 155 171 131 77 25 559 
Number of chicks surviving eight days 71 69 25 15 7 187 
Actual number of offspring per pair 0.71 0.68 0.36 0.33 0.58 2.66 
Potential number of offspring per pair ( i ) 1.55 1.69 1.87 1.43 2.08 8.62 
Percentage success 45.80 40.25 19.25 23.07 27.88 30.85 
Potential number of offspring per pair ( i l ) 2.11 2.26 2.51 2.09 2.50 11.47 
Percentage suscess 33.64 30.08 14.34 15.78 23.20 22.22 
Difference i n percentage success 12.16 10.17 4.90 7.29 4.68 8.63 
Potential offspring per pair ( i ) refers to physiological potential number of o f f s p r i n g 
produced per pair, i . e . the number of offspring produced per pair from incubated eggs. 
Potential offspring per pair ( i l ) refers t o the overall potential number of offspring per 
pair, i . e . overall breeding success. The difference between these values i s due to the 
effect of egg predation. 
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I t may be seen t h a t the gradual decrease i n number of o f f s p r i n g 
as the season progresses i s due to a gradual decrease i n the a b i l i t y 
o f incubated eggs to develop t o v i a b l e chicks. This i s a re d u c t i o n 
i n the p h y s i o l o g i c a l a p t i t u d e to produce v i a b l e o f f s p r i n g . Again the 
recovery i n the l a s t season s e c t i o n i s shown to be due to an increase 
i n p h y s i o l o g i c a l c h i c k production and not merely an e f f e c t due to 
reduced egg pr e d a t i o n at the l a t t e r end of the season. 
The mean number of o f f s p r i n g produced per p a i r over the whole 
season i s 0.563 - 0.078 (means - one standard e r r o r ) . With an 
estimated p o p u l a t i o n of 1,700 p a i r s o f g u l l s n e s t i n g at R o c k c l i f f e 
Marsh the t o t a l number of chicks produced i s about 957, a 56 per 
cent increase i n the p o p u l a t i o n ( i g n o r i n g a d u l t m o r t a l i t y ) . 
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SECTION EIGHT. 
FOOD RESOURCES OF THE COLONY 
8.1. I n t r o d u c t i o n . 
Lack (1954) proposes t h a t c l u t c h s i z e i n b i r d s i s adapted t o 
correspond to the l a r g e s t number of young f o r which the parents can, 
on average, provide enough food. He a t t r i b u t e s seasonal v a r i a t i o n 
i n c l u t c h s i z e (where two broods are reared i n a given year) to the 
abundance of food i n t h a t year. 
The importance of a v a i l a b i l i t y o f s u f f i c i e n t q u a n t i t y and 
q u a l i t y of food to the s u r v i v a l of young prompted i n v e s t i g a t i o n of 
food resources of the colony. 
8.2. Composition o f the food of chic k s . 
C o l l i n g e (1925) shows t h a t the food composition of a d u l t 
h e r r i n g and l e s s e r black-backed g u l l s i s s i m i l a r , 50 - 80% of the 
food being composed of f i s h and molluscs, and 20 -25% of i n s e c t s , 
w i t h h e r r i n g g u l l s consuming, on average, a l a r g e r p r o p o r t i o n o f 
veg e t a t i o n than the l e s s e r black-backed g u l l s . The high p r o p o r t i o n 
of f i s h i n the d i e t of g u l l s i s supported by data from Pearson (1968). 
C o l l i n g e gives the a n a l y s i s o f stomach contents f o r twenty 
f i v e h e r r i n g g u l l chicks as c o n s i s t i n g o f 75% i n s e c t s , 9% earthworms 
and the r e s t of f i s h , molluscs and miscellaneous animal matter (no 
data i s given f o r l e s s e r black backed g u l l c h i c k s ) . Analysis o f 
food vomited by chicks a t R o c k c l i f f e Marsh i s given i n t a b l e 26. 
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Table 25. Percentage composition of the food of h e r r i n g and l e s s e r 
black-backed g u l l chicks by a n a l y s i s of vomited food remains. 
(Percentage r e f e r s to the number of chicks o f the t o t a l which 
e x h i b i t e d the food as the only or major c o n s t i t u e n t i n the crop at 
the time of sampling.) 
Food type Percentage 
Lesser black-backed g u l l Earthworms 62 
(n = 39) Fish 18 
O f f a l and i n s e c t s 20 
H e r r i n g g u l l Earthworms 67 
(n = 6) Fish 33 
O f f a l and i n s e c t s 0 
( I n only 8 (18%) o f the samples d i d the sample c o n t a i n more than 
one type of food i n the above c a t e g o r i e s ) . 
O f f a l consisted mainly of bread and various mammal remains, 
e.g. r i b s and vertebrae (these may have been bones of moles, of 
which, a number o f e n t i r e specimens were found around nests, a 
mole catcher being employed by the e s t a t e at t h i s time and h i s 
k i l l o f t e n adorned nearby fences, a ready supply f o r the g u l l s ) . 
I n s e ct remains i n c l u d e d b e e t l e l a r v a e , a d u l t t i p u l i d s and a d u l t 
b e e t l e s . An e n t i r e s k y l a r k chick was r e g u r g i t a t e d by one l e s s e r 
black-backed g u l l c h i c k . 
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8.3. D i r e c t i o n o f f l i g h t o f g u l l s i n search of food. 
Counts were made o f the pr o p o r t i o n s o f h e r r i n g and l e s s e r 
black-backed g u l l s f l y i n g seaward (westward) and landward(eastward) 
from the colony. Four hour observation periods were made a t a 
s i m i l a r time of day, under s i m i l a r weather c o n d i t i o n s , on two occasions. 
The r a t i o o f h e r r i n g g u l l s to l e s s e r black-backed g u l l s f l y i n g l a n d -
wards was 1 : 7 and t h a t f o r f l y i n g seawards 1 : 3 (sample sizes of 
226 and 17k b i r d s r e s p e c t i v e l y ) , which shows t h a t h e r r i n g g u l l s f l y , 
p r e f e r t i a l l y , seawards. Such a f i n d i n g c o r r e l a t e s w i t h those o f 
various authors who propose t h a t the h e r r i n g g u l l i s a more marine 
g u l l than the l e s s e r black-backed g u l l . 
Pearson (1968) c a l c u l a t e d the feeding range of h e r r i n g g u l l s 
a t about 30 miles ( w i t h respect t o the speed of f l i g h t and the time 
spent away from the nests during the search f o r f o o d ) . Reference to 
Fi g . 1 shows t h a t the area enclosed by a c i r c l e of 30 miles radiu s 
around the colony c o n s i s t s l a r g e l y of la n d , even west o f the marsh. 
Hence i t may be s t a t e d t h a t although b i r d s f l y i n a westward d i r e c t i o n 
they cannot be considered as b i r d s feeding at sea, as i t i s probable 
t h a t they too are feeding on pastures, accounting f o r the high pro-
p o r t i o n o f earthworms i n the d i e t . 
S i m i l a r l y i t cannot be s a i d t h a t a l l b i r d s counted were a c t u a l l y 
f l y i n g i n t h a t s p e c i f i c d i r e c t i o n t o feed, as many i n d i v i d u a l s f l y i n g 
seaward were found to be l o a f i n g on sandbanks i n the Solway F i r t h . 
I t was i n t e r e s t i n g to note th a t most g u l l s f l y i n g i n l a n d tended 
to f o l l o w the course o f the r i v e r Eden back towards C a r l i s l e . 
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SECTION NINE. 
DISCUSSION 
Seasonal v a r i a t i o n i n breeding success has been c i t e d by-
various a u t h o r i t i e s f o r a v a r i e t y o f species of b i r d s (Lack 195k, 
Coulson 1968 i n k i t t i w a k e s , Parsons 1971 i n h e r r i n g g u l l s ) . 
S i m i l a r l y various explanations have been put forward to account f o r 
such v a r i a t i o n . I n the k i t t i w a k e the major f a c t o r s c o n t r i b u t i n g t o 
d i f f e r e n t i a l seasonal breeding success are the age o f the female and 
s p a t i a l r e l a t i o n s h i p s to other b i r d s i n the colony, the l a t t e r also 
being a f u n c t i o n of age and time o f r e t u r n to the n e s t i n g s i t e . 
Parsons a t t r i b u t e s much of the l a c k o f success of chicks to the 
presence of c a n n i b a l i s t i c g u l l s i n the colony and the aggression o f 
a d u l t s against chicks from neighbouring nests, which s t r a y i n t o the 
a d u l t ' s t e r r i r o t y . 
Some degree o f e x t r a p o l a t i o n of these r e s u l t s may be a p p l i e d 
to the colony considered here, but r e s e r v a t i o n s must be made on the 
use of data d i r e c t l y r e l a t e d to the s o c i a l system of colo n i e s , since 
the R o c k c l i f f e Marsh colony i s of low den s i t y and thus a d i f f e r e n t 
s o c i a l system must e x i s t than t h a t , f o r example, o f Parson's dense 
h e r r i n g g u l l colony. V a r i a t i o n i n the breeding success of the colony 
may, however, be a t t r i b u t e d to some f a c t o r s shown to a f f e c t other 
c o l o n i e s . 
V a r i a t i o n s i n age s t r u c t u r e of the p o p u l a t i o n a t d i f f e r e n t times 
d u r i n g the season were not measured, but data from other species 
( k i t t i w a k e , Coulson 1963; gannet, Nelson' 1966; shag, -Coulson et a l . 
1969) and the same and s i m i l a r species ( h e r r i n g g u l l , Parsons 1971; 
r e d - b i l l e d g u l l , M i l l s 1973) a t d i f f e r e n t s i t e s , showing t h a t a 
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progressive decrease i n egg volume v/ith season i s a d i r e c t f u n c t i o n 
of the age composition o f the p o p u l a t i o n , allows the conclusion to 
be made t h a t t h i s colony conforms, w i t h o l d e r b i r d s breeding e a r l y 
i n the season and younger b i r d s breeding l a t e r i n the season. 
With such low d e n s i t y of nesting i t was not p o s s i b l e to demon-
s t r a t e t h a t s i t e s e l e c t i o n f o r p o s i t i o n s i n the centres of s o c i a l 
systems, g i v i n g higher breeding success, occurred, as has been 
suggested i n the k i t t i w a k e (Coulson and White 1958, Coulson 1968), 
grey seal and shag (Coulson 1971). The colony here could not be 
considered as a s i n g l e s o c i a l u n i t due to the l a r g e area i t covered 
and the non-homogeneous d i s t r i b u t i o n of b i r d s w i t h i n t h i s area. 
V a r i a t i o n i n hatching success d u r i n g the season c o r r e l a t e s c l o s e l y 
w i t h the v a r i a t i o n i n egg volume (as demonstrated by Paludan 1951» 
H a r r i s 196^ and Parsons 1971 w i t h respect t o the t h i r d egg). A 
minimum egg volume r e q u i r e d to produce a v i a b l e chick has been e s t i -
mated by e x t r a p o l a t i o n t o be i n the region of 50 cnP. Eggs o f the 
species considered here are r a r e l y found of such small s i z e since 
the hatching success of eggs below about 60 cm^ becomes les s than 50%. 
A tendency t o a decrease i n hatching success also occurs i n eggs over 
about 80 cm^ i n volume. Evo l u t i o n a r y genetic s e l e c t i o n against l a y i n g 
extremely small or l a r g e eggs, r e s u l t i n g i n the normal frequency d i s t r i -
b u t i o n of eggs l a i d about the range of 60 zn? to 90 cm^ has been shown 
to be p o s s i b l y due to s e l e c t i o n against i n e f f i c i e n t energy u t i l i s a t i o n . 
I t i s shown here t h a t i t i s e n e r g e t i c a l l y more e f f i c i e n t to use a 
l i t t l e more energy to produce an egg of t h i s s i z e range as opposed t o 
a smaller egg, w i t h a s u b s t a n t i a l r e d u c t i o n i n the energy wastage due t o 
the non hatching of eggs of low volume. 
38 
There i s no v a r i a t i o n i n growth r a t e of chicks a t d i f f e r e n t 
tiraes d u ring the season, but a seasonal tr e n d of decreased s u r v i v a l 
w i t h season i s shown. 
An i n t e r e s t i n g phenomenon of recovery from p r o g r e s s i v e l y 
decreasing chick p r o d u c t i o n w i t h season may be seen a t the end of 
the season where there i s a sudden increase i n the production o f 
v i a b l e o f f s p r i n g . .Such an increase may be p a r t i a l l y explained by 
the increased incidence o f r e l a i d clutches of olde r b i r d s which 
s u f f e r e d egg pre d a t i o n and f l o o d i n g during the e a r l y p a r t o f the 
season. These r e l a i d clutches t h e r e f o r e have l a r g e r eggs than 
those of b i r d s normally n e s t i n g a t t h a t time and, t h e r e f o r e , g r e a t e r 
hatching success and chick s u r v i v a l . This does not e n t i r e l y e x p l a i n 
the phenomenon, and i t i s evident t h a t there i s some p h y s i o l o g i c a l 
change a t the end of the season a l l o w i n g f o r higher c h i c k production 
from these eggs of small volume than t h a t of small eggs preceding 
t h i s p e r i o d . An i n f l u x of good q u a l i t y young breeding b i r d s i n t o 
the colony a t t h i s time may also be p a r t of the reason, but w i t h no 
data r e l a t i n g to age composition o f the a d u l t s i n the colony no 
conclusive evidence of i t s occurrence may be shown. Weather con-
d i t i o n s were also moderably st a b l e d u r i n g t h i s p a r t o f the season and 
no excessively damp or c o l d s p e l l s would account f o r v a r i a b i l i t y i n 
chick s u r v i v a l d u r i n g weekly periods. Weather c o n d i t i o n s during the 
whole season tended to a l t e r from day to day r a t h e r than on a pe r i o d 
b a s i s . 
As i n Parson's colony the incidence o f egg predation declined 
as the season progressed, t h i s may be a t t r i b u t e d to the higher pro-
p o r t i o n of hon breeding b i r d s a t the beginning o f the season than 
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l a t e r i n the season. Despite t h i s high predation i n the e a r l y p a r t 
of the season, the p r o d u c t i o n o f chicks per p a i r i n the beginning of 
the season i s s t i l l higher than t h a t expected, and l a t e r i n the season 
chick production per p a i r i s lower than t h a t expected. 
The food resources f o r a g u l l colony are important i n d e t e r -
mining the number of o f f s p r i n g reared per p a i r (Lack 195*1-) • With the 
recent increase i n the number of exposed refuse t i p s i n the country, 
p a r t i c u l a r l y around l a r g e towns, i t i s thought t h a t there i s an 
adequate supply of food f o r such g u l l colonies and a reason f o r t h e i r 
increase i n s i z e . I t i s shown i n t h i s study t h a t the major food 
resource o f the colony i s earthworms. Such f i n d i n g s are c o n t r a r y t o 
those of C o l l i n g e (1925) and Pearson (1968) who show t h a t the major 
p r o p o r t i o n o f the d i e t of h e r r i n g and l e s s e r black-backed g u l l s i s 
f i s h . The high p r o p o r t i o n of earthworms i n the d i e t o f the R o c k c l i f f e 
Marsh colony may be d i r e c t l y r e l a t e d to the somewhat land-locked 
l o c a t i o n as compared w i t h t h a t o f the Fame Islands (Pearson 1968). 
V a r i a t i o n s i n s i z e and shape of eggs and d i f f e r e n t i a l s u r v i v a l 
of chicks w i t h respect to l a y i n g sequence i n a c l u t c h have been sub-
j e c t e d to d e t a i l e d study (Paludan 1957, H a r r i s 196i+, Parsons 1971, 
M o l l a r t 1972 i n the Laridae and Gemperle and Preston 1955 i n the 
common t e r n ) , showing t h a t the c - egg i s smaller and of d i f f e r e n t 
shape index than the f i r s t two eggs of a c l u t c h and t h a t the r e s u l t a n t 
c h i c k s u f f e r s a high m o r t a l i t y than i t s c o n s p e c i f i c s . S i m i l a r con-
c l u s i o n s have been drawn from the data presented here. 
SUMMARY 
1. The v a r i a t i o n i n breeding success of h e r r i n g and l e s s e r 
black-backed g u l l s i n a low density mixed species colony at 
R o c k c l i f f e Marsh, Cumberland, was s t u d i e d . 
2. A s i g n i f i c a n t 8% decrease i n egg volume w i t h respect to 
l a y i n g date i s demonstrated, the c - egg volume decreasing s i g -
n i f i c a n t l y l e s s r a p i d l y than the a - and b - eggs (8.7% decrease i n 
a plus b eggs and 7.0% i n the c - egg). This decrease i s a t t r i b u t e d 
t o the age composition of the colony a t d i f f e r e n t times d u r i n g the 
season. 
3. B i r d s were found not t o r e l a y clutches when the f u l l 
c l u t c h was removed as soon as possible a f t e r the l a y i n g of the t h i r d 
egg, an unusual occurrence f o r these species. 
i+. Predation was p r i m a r i l y d i r e c t e d a t the a - egg, the 
incidence o f o v e r a l l nest p r e d a t i o n d e c l i n i n g from 33% to 2% as the 
season progressed. 
5. There was no v a r i a t i o n i n hatching success w i t h respect to 
the l a y i n g sequence, c l u t c h s i z e or season, but hatching success i s 
p o s i t i v e l y c o r r e l a t e d w i t h egg volume up to about 80 cm^ of egg 
volume and then showing a tendency f o r the percentage of l a r g e r eggs 
hatching t o d e c l i n e . 
6. The frequency d i s t r i b u t i o n of eggs about the volume range 
of 60 crn^ t o 90 cm^ i s p o s t u l a t e d to be due t o genetic s e l e c t i o n 
against energy wastage o f non-hatching eggs outside t h i s range. 
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7. I n the e s t i m a t i o n of chick growth, t a r s u s l e n g t h was 
found t o be a more s t a b l e parameter than wing or mid-toe l e n g t h . 
8. No v a r i a t i o n i n growth r a t e s o f chicks w i t h respect to 
l a y i n g sequence was found, although the c - chick i s s i g n i f i c a n t l y 
smaller than i t s s i b l i n g s ( a t the same age) during the f i r s t week 
of l i f e . 
9. No v a r i a t i o n i n chick growth was found w i t h v a r i a t i o n i n 
season or c l u t c h s i z e , p o s t u l a t i n g t h a t there i s adequate food f o r 
each member o f the c l u t c h to allo w the maximum p h y s i o l o g i c a l r a t e o f 
growth. 
10. Chick m o r t a l i t y i s shown to occur s i g n i f i c a n t l y i n excess 
o f t h a t expected between the age of four t o e i g h t days from hatching 
(11 - 12%) than a t other age groups (2 - 7%), being c o r r e l a t e d w i t h 
time a t which chicks tended to leave the nest s i t e . 
11. There i s no s i g n i f i c a n t d i f f e r e n c e i n the mean age of 
maximum m o r t a l i t y o f chicks w i t h respect t o l a y i n g sequence, but 
the c - chick s u f f e r e d s i g n i f i c a n t l y g r e ater m o r t a l i t y than i t s 
s i b l i n g s (percentage m o r t a l i t y of a, b and c - chicks being 29%, 
22% and k6% r e s p e c t i v e l y ) . 
12. The number of v i a b l e o f f s p r i n g produced per p a i r declined 
as the season progressed, except f o r a sudden recovery i n chic k 
production from small volumed eggs a t the end of the season. 
13. The food resources o f the colony consisted mainly of 
earthworms (62%) v/ith low percentage composition o f f i s h and o f f a l 
(20% and 18% r e s p e c t i v e l y ) . -
APPENDIX I . L i s t o f species and t h e i r l a t i n names used i n the 
t e x t . 
C arrion Crow 
Barn Owl 
Ganitet 
G u l l Black-headed 
H e r r i n g 
Lesser black-backed 
R e d - b i l l e d 
K e s t r e l 
K i t t i w a k e 
Oystercatcher 
Shag 
Skylark 
Sparrow Hawk 
Tern Common 
Corvus c. corone Linnaeus. 
Tyto a. alba S c o p o l i . 
Siila bassana ( L . ) . 
Larus r . ridibundus L. 
L. argentatus Pontoppidian. 
L. fuscus L. 
L. novaehollandiae scopulinus F o r s t e r . 
Falco t . tinnunculus L. 
Rissa t r i d a c t y l a (L.) 
Haematopus ostralegus o c c i d e n t a l i s Neumann 
Phalacrocorax a r i s t o t e l i s (L.) 
Alauda a. arvensis L. 
A c c i p i t e r n. nisus ( L . ) . 
Sterna hirundo L. 
Fox 
Hedgehog 
Mole 
Stoat 
Seal Grey 
Vulpes vulpes (L) 
Erinaceus europaeus L. 
Talpa europaeus L. 
Mustela erminea L. 
Halichocrus grypus ( F a b r i c i u s ) 
H e r r i n g Clupea harengus L. 
Creeping fescue 
Rushes 
Scurvy grass 
Sea milkwort 
Sea poa 
Sedges 
T h r i f t (Sea Pink) 
Festuca rubra L. 
Juncus spp. 
Cochlearia o f f i c i n a l i s L. 
Glaux maritima L. 
Puccinellia maritima (Huds.) 
Carex spp. 
Armeria maritima ( M i l l . ) . 
APPENDIX I I 
Determination of the c a l o r i f i c values of yolk and albumen 
per egg at various egg volumes, using regressions of egg volume 
on egg weight and weight of egg components on egg weight from 
Parsons (1971). C a l o r i f i c values of 3.if8 k.cal. g" 1 for yolk 
and 0.51 k.cal. g~^ " for albumen were used (Altman and Dittmer 
1968). 
Table 26. Calorific values of yolk and albumen contents of eggs of differing volume. 
3gg volume Calorific value of Albumen Calorific value of Total Egg weight Yolk weight this weight of weight this weight of 
albumen (k.cal). 
c a l o r i f i c 
(cm3) U) (g) yolk, (k.cal). («) (k.cal). 
52.5 59.50 18.25 63.51 40.20 20.50 84.01 
57.5 65.25 19.00 66.12 44.00 22.40 88.56 
62.5 70.75 19.75 68.73 47.75 24.35 93.12 
67.5 76.50 20.70 72.04 51.75 26.39 98.43 
72.5 82.00 21 .25 73.95 55.75 28.43 102.38 
77.5 87.50 22.00 76.56 59.50 30.35 106.91 
82.5 93.25 22.75 79.17 63.25 32.26 111.43 
87.5 98.80 23.50 81.78 67.25 34.30 116.08 
92.5 104.50 24.25 84.39 71.25 36.34 120.73 
Figures 16 and 17 
Regression l i n e s used i n the calculation of the 
c a l o r i f i c value of eggs (from Parsons 1971). 
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APPENDIX I I I 
S t a t i s t i c a l methods employed i n the analysis of data. 
S t a t i s t i c a l methods used follow those of Bailey (1959)• 
Standard deviations and standard errors were calculated for 
means using conventional formulae. 
Significance tests of differences between pairs of values 
were made by use of Student's t - t e s t , using the following 
formulae:-
t = X X - X 2 
( s / / a ) 1 + (s/v^r ) 2 
Where t>1.96 i s s i g n i f i c a n t at the 5% l e v e l of significance. 
Tests for homogeneity of results were carried out by the use 
2 
of X - tests i n the form of an n X 2 contingency table (such tables, 
including expected values, are drawn up i n the t e x t ) . P r o b a b i l i t i e s 
of s i g n i f i c a n t deviations from a homogeneous d i s t r i b u t i o n for given 
2 
values are found by consulting s t a t i s t i c a l tables, the number of 
degrees of freedom used being ( r - 1) (c - 1) (where r i s the number 
of rows and c the number of columns of the contingency t a b l e ) . 
Corre3etions and l i n e a r regressions were calculated by the use 
of an O l i v e t t i computer, giving the corr e l a t i o n c o e f f i c i e n t ( r ) and 
the equation of the l i n e i n the form: 
y = a + bx 
The degree of significance of goodness of f i t of the l i n e to 
the given array was calculated using the formula: 
t = r /n - 2 
The p r o b a b i l i t y of t h i s value of t , with n - 2 degrees of freedom 
was estimated from s t a t i s t i c a l tables. 
The degree of significance of the difference i n slope of two 
regression l i n e s (Fig. 5) was calculated by use of the following 
formula: 
t = b l " b2 
Syx* + Syx^ 
n n 
2 — 2 Where Syx^ i s the variance of x, and Syx^ i s the variance of 
x 2. 
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